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Abstract

Personal and public health information are often obtained from studies of large population groups. Risk fac-
tors for nutrients, toxins, genetic variation, and more recently, nutrient–gene interactions are statistical esti-
mates of the percentage reduction in disease in the population if the risk were to be avoided or the gene vari-
ant were not present. Because individuals differ in genetic makeup, lifestyle, and dietary patterns than those
individuals in the study population, these risk factors are valuable guidelines, but may not apply to individu-
als. Intervention studies are likewise limited by small sample sizes, short time frames to assess physiological
changes, and variable experimental designs that often preclude comparative or consensus analyses. A funda-
mental challenge for nutrigenomics will be to develop a means to sort individuals into metabolic groups, and
eventually, develop risk factors for individuals. To reach the goal of personalizing medicine and nutrition, new
experimental strategies are needed for human study designs. A promising approach for more complete analy-
ses of the interaction of genetic makeups and environment relies on community-based participatory research
(CBPR) methodologies. CBPR’s central focus is developing a partnership among researchers and individuals
in a community that allows for more in depth lifestyle analyses but also translational research that simultane-
ously helps improve the health of individuals and communities. The USDA–ARS Delta Nutrition Intervention
Research program exemplifies CBPR providing a foundation for expanded personalized nutrition and medi-
cine research for communities and individuals.
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Introduction

ADVANCES IN EXPERIMENTAL TECHNOLOGIES for analyzing
genomes, proteins, metabolites, and transcripts are lay-

ing the foundation for developing recommendations for per-
sonalized nutrition and optimizing medical treatments for
each individual. However, current experimental strategies
rely on studies that yield the average response of individu-
als in a population. These “data are reported as the attrib-
utable fraction (AF)—“the proportional reduction in average
disease risk over a specified time interval that would be
achieved by eliminating the exposure of interest from the
population” while other factors remain unchanged (Rockhill
et al., 1998). Although many reports explicitly report the data
as the attributable fraction specific for that population, the
data are often used by the commercial enterprises and the
public as an individual risk factor (Vineis and Kriebel, 2006).
Because individuals may differ genetically, physiologically,

and nutritionally from the population averages, the AF can
only be considered an estimate of the risk for an individual.

Intervention studies also yield information for medical
treatments or recommendations for nutritional intakes. A re-
cent example showed an association of three single nucleo-
tide polymorphisms (SNPs) in IL1A and IL1B with response
to a botanical that lowered C-reactive protein (CRP) levels
(Kornman et al., 2007). Although nutrigenomic and nutri-
tional intervention studies provide preliminary information
about optimum diets, the small number of individuals in
many of the studies and their undetermined genetic ances-
try precludes using the information to predict responses in
other individuals. Epistatic (gene–gene) interactions have
been shown to alter the influence of individual SNPs on mea-
sured phenotypes (e.g., Adjers et al., 2005; Hamon et al., 2006;
Helgadottir et al., 2006; Mannila et al., 2006; Tuo et al., 2006;
Smith et al., 2008). These specific examples illustrate the need
for developing new approaches to study the interaction of
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genetic makeup and environmental factors. We have previ-
ously described challenges to analyzing gene–nutrient in-
teractions that include the genetic diversity of human pop-
ulations, complexity of diets and cultures, the intricacies of
physiological processes that depend on gene–environment
interactions (Kaput et al., 2007a, 2007b) and the need for new
experimental designs that are not based on population stud-
ies (Kaput, 2008). These challenges are reviewed in the con-
text of an emerging strategy for human population studies,
the use of community-based participatory research methods
that may provide the path for developing recommendations
for improving personal and public health. 

Genetic Diversity of Human Populations

The sequencing of the human genome, subsequent analy-
ses of human genetic variation and studies that associate
gene variants with disease markers or other phenotypic al-
terations have led to the promise of personalized medicine.
Although the first reports described a consensus sequence
based on DNA samples from several individuals, the vari-
ability observed between overlapping sequences led the
HapMap project (Frazer et al., 2007; HapMap Consortium,
2003; 2004a). This international effort resequenced chromo-
somal segments of 270 individuals, 90 of whom were Euro-
pean, 90 from the Yoruba tribe in Nigeria, 45 Japanese in
Tokyo, and 45 Han Chinese in Beijing. The HapMap is a valu-
able resource of data that has been used as the basis of geno-
typing platforms (Dalma-Weiszhausz et al., 2006; Steemers
and Gunderson, 2005); over 1 million polymorphisms (SNPs)
can be interrogated with current array-based technologies.
However, the publication of genomic sequences of two in-
dividuals of European descent (Craig Venter and James Wat-
son) (Levy et al., 2007; Wheeler et al., 2008) and the known
heterogeneity within populations (Li et al., 2008; Tishkoff
and Verrelli, 2003), demonstrated a need for analyses of a
wider representation of genomes. Hence, the rich HapMap
resource represents a small fraction of the total genetic vari-
ation in humans. The Human Genome Diversity Project
(http://www.stanford.edu/group/morrinst/hgdp.html)
and Human Variome Project (http://www.variome.org/)
are expanding analyses of sequence variations by including
individuals in many other human populations. Resequenc-
ing of more genomes is now possible because new sequenc-
ing technologies are reducing the cost and increasing the
throughput (Bennett et al., 2005; Shendure et al., 2008). Cre-
ating a more in-depth coverage of human genetic diversity
is necessary for identifying causative SNPs or other genetic
variation and to account for epistasis (see above). New al-
gorithms are being developed that can detect epistatic in-
teractions that affect the expression of gene variants (e.g., see
Musani et al., 2007; Sankararaman et al., 2008)). 

Complexity of Biological Processes in 
Disease and Health

Our laboratories (Kaput et al., 2007a, 2007b) and others
(Brown et al., 2006; Gardiner, 2004; Wolford et al., 2004) have
described the variable physiological mechanisms that pro-
duce health or disease states. Such complexity results from
the many genes and pathways that make small contributions

to the overall phenotype, the epistatic (gene–gene) interac-
tions that may alter the expression of an analyzed SNP, and
epigenetic effects on gene expression caused by variable 
histone modifications and DNA methylation status. The sub-
strates for epigenetic mechanisms are derived from the one
carbon metabolism pathway. Interactions exist between
genes of the folate/methionine cycle and cofactors, which
are derived from the diet (Blander and Guarente, 2004, 2004b;
Eberharter and Becker, 2002; Gellekink et al., 2005; Hsiao et
al., 2002; Klerk et al., 2002; Picard et al., 2004; Porto et al.,
1998; Rossell et al., 2006; Waterland and Jirtle, 2003). Changes
in epigenetic regulation may occur throughout life, but fe-
tuses and developing children may be particularly suscepti-
ble to unbalanced nutrition (Dolinoy et al., 2007; Mathers
2007; Szyf, 2007).

Genetic analyses, whether DNA resequencing or geno-
typing, coupled with “deep” phenotyping (Tracy, 2008) us-
ing proteomic (Kussmann, 2007), metabolomic (Gibney, et
al., 2005), and transcriptomic (Garosi, et al., 2005) technolo-
gies, will generate detailed genetic and physiological data
for each individual. The use of these technologies is likely to
overcome the diversity of challenges of analyzing human ge-
netic heterogeneity (Kaput et al., 2007a, 2007b) in popula-
tion-based study designs.

Nutrient Assessments and Study Designs

As the “omic” technologies mature and individual ge-
nome data become increasingly available, two fundamental
problems challenge the development of an understanding of
complex biological processes. The first is the difficulty in
measuring food and nutrient intakes that may change dur-
ing life. The second is that the majority of research strategies
are based on population averages. Although assessing nu-
trient intakes remains a significant challenge (Rutishauser,
2005; Tucker, 2007), new methods, such as photographs of
before and after food servings (Kikunaga et al., 2007) and
omic analyses linking food exposure to defined biomarkers,
may overcome these limitations (see below). Yet a further
challenge is an extension of the attributable risk problem:
many population-based studies (with the notable exception
of longitudinal studies like the Framingham Heart Study;
http://www.nhlbi.nih.gov/about/framingham/) measure
biological complexity at a single point in time using a lim-
ited set of biomarkers. These measures may or may not pro-
vide an accurate assessment of a given condition or bio-
marker, essentially because long-term changes in the
nutrient, physical, immune, or psychological environment
could alter biomarker levels observed at a single time point.

Developing the Path to Personalized 
Health Interventions

One of us recently proposed a path to personalization
based on preselecting phenotypic or metabolic groups (Ka-
put, 2008). The fundamental concept is based on compara-
tive analyses, because no one population can be considered
a reference population. The strategy is to first identify and
group individuals with common phenotypes and analyze the
genetic differences between them. Alternatively, individuals
can be selected based on variations within functional genes
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(and not just variants used for genetic mapping) and phe-
notypes can be compared subsequently. Because the full
spectra of human genetic and phenotypic variation has not
been well characterized, the first groups tested would often
be those most different in phenotypes or genetic makeups—
that is, to determine the extent of the range of variation
within the human population. The key aspect of this concept
is that membership in the group at each extreme is based on
some quantitative measure of phenotype or genotype. Once
maximum differences among phenotypes or among geno-
types are determined, groups between the extremes can be
determined. Although many if not all biological traits are
continuous with no discrete breaks in the phenotypic or ge-
netic continuum, such “binning” is a standard for medical
practice, which uses clinical measurements to group indi-
viduals into treatment options and for statistics that rely on
tertiles, quartiles, quintiles, etc., to determine structure
within experimental data. This approach differs from stan-
dard population study designs in that the binning is done
prior to physiological analyses if the genetic variation is pre-
determined or prior to genetic analyses if different pheno-
types are identified. Many human studies discern the groups
after experimental data are acquired. A variation of this com-
parative strategy demonstrated its utility: Holmes et al.
(2008) showed that individuals from different ethnic popu-
lations could be clustered based on urinary metabolite lev-
els and blood pressure measurements. Although genetic
analyses (e.g., Jorde and Wooding, 2004; Tishkoff et al., 2003)
have shown that variation is greater within ancestral popu-
lations (e.g., within Europe) compared to between popula-
tions (European vs Asian), the predominant “nutrient”—re-
lated alleles (i.e., genes involved in nutrient metabolism) in
a population coupled with local cultural food availability
and habits may explain the ability to cluster individuals into
groups specific to an environment. Hence, creating bins of
similar metabolic responses appears feasible.

Developing this strategy requires novel approaches to in-
dividualize research findings. An experimental strategy to
implement this comparative approach has historical roots in
the 1940s, but has been emerging from medical practice and
from sociological/nutritional research efforts. Participatory
research has evolved from a continuum of similar but
slightly different approaches (Cornwall and Jewkes, 1995).
Some have termed these approaches as community-based
participatory research (e.g., Boyer et al., 2005; Horowitz et
al., 2008; O’Fallon et al., 2000), participatory action research,
academic–community-based participatory research, or pri-
mary care research (e.g., Beasley et al., 2007; Hueston et al.,
2006; Mold and Peterson, 2005). The differences largely re-
flect the degree of control and involvement of community
residents in all phases of the research process. The lowest
level of community involvement is termed contractual, in
which the researcher brings the proposal to the community
and asks them to participate with no or little input or deci-
sion making authority while the researcher is in full control
(Cornwall and Jewkes, 1995). At the next level (consultative),
the researcher asks for the community’s input and adopts
some of the input, but the researcher retains full control. The
third level is termed collaborative, wherein the community
and researchers work together to design and implement the
study, but the overall process is managed by researchers.

This is a shared control model and is the most frequently
found model in today’s community based participatory re-
search (CBPR). The fourth model is termed collegiate,
wherein all parties work together drawing upon different
skills while mutual learning takes place. In this desirable but
seldom achieved model, the community is in full control
(Cornall and Jewkes, 1995). The collegiate model is found
most often when community residents are well trained in re-
search methods and have had previous experience in re-
search studies.

Although CBPR has been gaining much interest in the so-
cial and nutritional sciences fields ((Chen et al., 2006; Plumb,
2008) (see Table 1), relatively few studies have used this
method for biomedical research (Boyer et al., 2007; Wells et
al., 2006). CBPR is a cyclic process whereby the participants
provide information and biological samples on an ongoing
basis, and the biomedical researcher provides existing
knowledge as well as results from the ongoing study. The
community and biomedical partners continually inform each
other as the research is conducted and applied. Collabora-
tions are formed between and among the participants and
the biomedical partners to design, implement, evaluate, and
publish the research. The concept underlying this strategy is
that the research can become “personalized,” because one in-
dividual is assessed and informed. The applications are
therefore more immediate than population-based methods
and targeted to the community and individual. Because ge-
netic and omic data developed from population studies can-
not yet be reliably associated with health outcomes in indi-
viduals, the initial information flows between researcher and
community collaborator focused on nutritional assessments
and dietary advice. As more gene–nutrient or omic–nutrient
associations are proven, the information flow will include
biomedical data and results.

Community-based participatory research differs from the
more commonly found community-placed research method
in that CBPR includes the community members equitably
and actively in decision making, development of the research
question and design, in implementation and monitoring of
the intervention, interpretation of data analysis, and dis-
semination of findings. This means that community mem-
bers are not merely the objects of research but highly en-
gaged in the research process (Ndirangu et al., 2008). Unlike
community-placed research, CBPR requires a collaborative
assessment with key informants and representation from
across the community (Ndirangu et al., 2007). CBPR is a
slower process than the more traditional intervention re-
search methods but has gained in momentum because de-
veloping trusting relationships and enhancing empower-
ment or ownership promises to be a more sustainable and
therefore more effective approach to promoting health
through behavioral changes (Israel, 1998, 2003; Kone, 2000).

The development of relationships among researcher and
community is challenging but of critical importance for those
who have typically been excluded from research studies or
those who suffer from culturally-based health disparities
(Boyer et al., 2007; Chen et al., 2006; Plumb et al., 2008; Wells
et al., 2006). Individuals in these socio-economically disad-
vantaged populations will not benefit from the advances in
health research unless their genotypes and cultural environ-
ments are included in biomedical research studies.

PERSONALIZING NUTRIGENOMICS RESEARCH 265



T
A

B
L

E
1.

E
X

A
M

P
L

E
S

O
F

T
H

E
PA

R
T

IC
IP

A
T

O
R

Y
R

E
SE

A
R

C
H

PR
O

G
R

A
M

S
IN

T
H

E
U

N
IT

E
D

ST
A

T
E

S

Lo
ca

ti
on

P
ro

gr
am

P
op

ul
at

io
ns

Fo
cu

s
P

ar
tn

er
s

R
ef

C
hi

ca
go

,
R

E
A

C
H

A
fr

ic
an

C
om

m
un

it
y-

Si
x 

pr
ov

id
er

 o
rg

an
iz

at
io

ns
(G

ia
ch

el
lo

 e
t 

al
., 

20
03

)
IL

C
SE

D
C

A
A

C
A

m
er

ic
an

ba
se

d
T

hr
ee

 p
ro

vi
d

er
/

pr
of

es
si

on
al

 o
rg

an
iz

at
io

ns
L

at
in

o
pa

rt
ic

ip
at

or
y

T
hr

ee
 g

ov
er

nm
en

t 
ag

en
ci

es
re

se
ar

ch
Se

ve
n 

co
m

m
un

it
y 

ba
se

d
 o

rg
an

iz
at

io
ns

O
ne

 R
el

ig
io

us
 g

ro
up

T
w

o 
B

us
in

es
s 

G
ro

up
s

O
ne

 C
on

su
m

er
 G

ro
up

A
la

sk
a

C
A

N
H

R
N

at
iv

e
C

om
m

un
it

y-
Y

uk
on

-K
us

ko
w

im
 H

ea
lt

h 
C

or
po

ra
ti

on
(B

oy
er

 e
t 

al
., 

20
05

)
A

m
er

ic
an

s
ba

se
d

SW
 A

la
sk

a
pa

rt
ic

ip
at

or
y

re
se

ar
ch

L
it

tl
e

A
rk

an
sa

s
D

el
ta

,
C

om
m

un
it

y-
N

at
io

na
l 

C
an

ce
r 

In
st

it
ut

e
ht

tp
:/

/
cr

ch
d

.c
an

ce
r.

go
v/

sp
n/

R
oc

k,
 A

R
Sp

ec
ia

l
C

en
tr

al
 A

R
,

ba
se

d
U

ni
ve

rs
it

y 
of

 A
rk

an
sa

s 
M

ed
ic

al
 S

ch
oo

l
as

pa
n-

sp
cn

-
Po

pu
la

ti
on

s
an

d
 N

W
 A

R
ne

tw
or

k 
fo

r
pu

bl
ic

at
io

n.
ht

m
l

A
cc

es
s

ca
nc

er
N

et
w

or
k

co
nt

ro
l

ac
ti

vi
ti

es
M

ar
ve

ll,
D

el
ta

L
ow

er
C

om
m

un
it

y-
Sc

ie
nt

is
ts

 f
ro

m
:

ht
tp

:/
/

w
w

w
.a

rs
.u

sd
a.

go
v/

A
R

N
ut

ri
ti

on
M

is
si

ss
ip

pi
ba

se
d

A
lc

or
n 

St
at

e 
U

ni
ve

rs
it

y
m

ai
n/

si
te

_m
ai

n.
ht

m
?

In
te

rv
en

ti
on

D
el

ta
in

te
rv

en
ti

on
,

A
rk

an
sa

s 
C

hi
ld

re
n’

s 
H

os
pi

ta
l 

R
es

ea
rc

h 
In

st
it

ut
e

m
od

ec
od

e
�

62
-5

1-
05

-0
0

R
es

ea
rc

h
bl

oo
d

Pe
nn

in
gt

on
 B

io
m

ed
ic

al
 R

es
ea

rc
h 

C
en

te
r,

In
it

ia
ti

ve
pr

es
su

re
 a

nd
So

ut
he

rn
 U

ni
ve

rs
it

y 
an

d
 A

&
M

 C
ol

le
ge

d
ia

be
te

s
T

he
 U

ni
ve

rs
it

y 
of

 A
rk

an
sa

s 
at

 P
in

e 
B

lu
ff

,
am

on
g 

ot
he

r
T

he
 U

ni
ve

rs
it

y 
of

 S
ou

th
er

n 
M

is
si

ss
ip

pi
d

is
ea

se
s

A
gr

ic
ul

tu
ra

l 
R

es
ea

rc
h 

Se
rv

ic
e 

(A
R

S)
 o

f 
U

SD
A

, L
it

tl
e

R
oc

k,
 A

R
.



D
et

ro
it

,
R

E
A

C
H

A
fr

ic
an

C
om

m
un

it
y

Si
x 

co
m

m
un

it
y-

ba
se

d
 o

rg
an

iz
at

io
ns

(K
ie

ff
er

 e
t 

al
., 

20
04

)
M

I
D

et
ro

it
A

m
er

ic
an

pl
an

ni
ng

 f
or

D
et

ro
it

 H
ea

lt
h 

D
ep

ar
tm

en
t

Pa
rt

ne
rs

hi
p

L
at

in
o

pa
rt

ic
ip

at
or

y
H

en
ry

 F
or

d
 H

ea
lt

h 
Sy

st
em

U
ni

ve
rs

it
y 

of
 M

ic
hi

ga
n 

Sc
ho

ol
 o

f 
Pu

bl
ic

 H
ea

lt
h

D
et

ro
it

,
E

SV
H

W
P-

E
as

ts
id

e
Pr

ev
en

t/
d

el
ay

D
et

ro
it

 D
ep

ar
tm

en
t 

of
 H

ea
lt

h 
an

d
 W

el
ln

es
s

(S
ch

ul
z 

et
 a

l.,
 2

00
5)

M
I

H
E

E
D

ar
ea

T
2D

M
Pr

om
ot

io
n

E
as

ts
id

e 
Pa

ri
sh

 N
ur

se
 N

et
w

or
k

Fr
ie

nd
s 

of
 P

ar
ks

id
e

H
en

ry
 F

or
d

 H
ea

lt
h 

Sy
st

em
Is

la
nd

vi
ew

 D
ev

el
op

m
en

t 
C

or
po

ra
ti

on
V

ill
ag

e 
H

ea
lt

h 
W

or
ke

rs
W

ar
re

n/
C

on
ne

r 
D

ev
el

op
m

en
t 

C
oa

lit
io

n
U

ni
ve

rs
it

y 
of

 M
ic

hi
ga

n 
Sc

ho
ol

 o
f 

Pu
bl

ic
 H

ea
lt

h
L

os
C

H
IC

L
ow

 i
nc

om
e

Pu
bl

ic
R

ob
er

t 
W

oo
d

 J
oh

ns
on

 (
sp

on
so

r)
(O

’F
al

lo
n,

 e
t 

al
., 

20
00

;
A

ng
el

es
,

L
A

pa
rt

ic
ip

at
io

n,
W

el
ls

 e
t 

al
., 

20
06

)
C

A
A

ss
es

sm
en

t
of

 t
he

co
m

m
un

it
y

co
nt

ex
t,

Pr
ac

ti
ca

l 
tr

ia
l

m
et

ho
d

s 
an

d
he

al
th

in
fo

rm
at

io
n

M
in

ne
so

ta
ID

E
A

L
St

at
ew

id
e

D
ia

be
te

s
M

in
ne

so
ta

 D
ep

ar
tm

en
t 

of
 H

ea
lt

h
(D

es
ai

 e
t 

al
., 

20
03

)
pr

ev
en

ti
on

H
ea

lt
h 

Pa
rt

ne
rs

 (
m

an
ag

ed
 c

ar
e)

R
E

A
C

H
—

R
ac

ia
l a

nd
 E

th
ni

c 
A

pp
ro

ac
he

s 
to

 C
om

m
un

it
y 

H
ea

lt
h.

 (h
tt

p:
/

/
he

al
th

yl
if

es
ty

le
s.

ss
w

.u
m

ic
h.

ed
u/

).
C

SE
D

C
A

C
—

C
hi

ca
go

 S
ou

th
ea

st
 D

ia
be

te
s 

C
om

m
un

it
y 

A
ct

io
n 

C
oa

lit
io

n.
C

A
N

H
R

—
C

en
te

r 
fo

r 
A

la
sk

a 
N

at
iv

e 
H

ea
lt

h 
R

es
ea

rc
h 

(h
tt

p:
/

/
w

w
w

.a
la

sk
a.

ed
u/

ca
nh

r/
in

d
ex

.h
tm

).
E

SV
H

W
P—

E
as

t S
id

e 
V

ill
ag

e 
H

ea
lt

h 
W

or
ke

r 
Pa

rt
ne

rs
hi

p 
(h

tt
p:

/
/

w
w

w
.s

ph
.u

m
ic

h.
ed

u/
ur

c/
pr

oj
ec

ts
/

es
vh

w
p.

ht
m

l)
.

H
E

E
D

—
H

ea
lt

hy
 E

at
in

g 
an

d
 E

xe
rc

is
in

g 
to

 R
ed

uc
e 

D
ia

be
te

s 
Pr

og
ra

m
 (h

tt
p:

/
/

w
w

w
.s

ph
.u

m
ic

h.
ed

u/
ur

c/
pr

oj
ec

ts
/

es
vh

w
p.

ht
m

l#
H

E
E

D
).

C
H

IC
—

C
om

m
un

it
y 

H
ea

lt
h 

Im
pr

ov
em

en
t C

ol
la

bo
ra

ti
ve

.
ID

E
A

L
—

Im
pr

ov
in

g 
D

ia
be

te
s 

C
ar

e 
T

hr
ou

gh
 E

m
po

w
er

m
en

t, 
A

ct
iv

e 
C

ol
la

bo
ra

ti
on

 a
nd

 L
ea

d
er

sh
ip

.



A Review of the USDA–ARS Delta Nutrition
Intervention Research Initiative (NIRI) 
Community-Based Participatory Research Project

The USDA Delta Nutrition Intervention Research Initia-
tive (Delta NIRI) developed a CBPR (O’Fallon et al., 2000)
with the individuals living in and around Marvell and with
the Boys, Girls, and Adults Community Development Cen-
ter (BGACDC) over an 11-year period (Ndirangu et al., 2008;
Yadrick et al., 2001). CBPR is a method that simultaneously
conducts research while applying existing scientific knowl-
edge to improve prevention practices and healthcare among
the participants and their community.

Initiating the Biomedical Research Dialogue.

Rural populations, and particularly rural minority popu-
lations, have seldom been included in national surveys 
of health, nutrition, and physical activity—a prime exam-
ple is the National Health and Nutrition Examination Sur-
vey (NHANES- http://www.cdc.gov/nchs/products/elec_
prods/subject/nhanes3.htm). The first obstacle in develop-
ing effective intervention plans for a rural population is the
lack of data. The Delta NIRI began as a consortium of six
universities in 36 counties and parishes of three U.S. states:
Arkansas, Mississippi, and Louisiana (Fig. 1). The counties
and parishes were selected on the basis of being contiguous
to the Mississippi River and having high rates of poverty
and unemployment. The charge to this consortium was to
improve the health of Delta residents through nutrition in-
tervention research, but the first step was to collect data on
which to base interventions. Through bus tours of the region
and fact finding meetings with community leaders, a key in-
formant study of 500 community residents and a review of
literature on the health status of the Delta residents (Harri-
son, 1997; Smith et al., 1999; Yadrick et al., 2001) the process
of documentation of need began. The findings showed geo-
graphic differences in the prevalence of hypertension, food
insecurity, poor health status, and ability to pay for health
insurance, providing preliminary information that these
groups were in particular need of targeted interventions
(Casey et al., 2004; Stuff et al., 2004a, 2004b).

In addition to a lack of data, a second obstacle was the
lack of nutritional assessment tools and methods suitable to
this rural, minority, impoverished population with low lev-
els of educational attainment. The feasibility and validity of
a telephone-administered 24-h dietary recall had to be de-
termined before a large representative regional survey could
be conducted to assess nutritional adequacy in the region
(Bogle et al., 2001; Casey et al., 1999). A survey instrument
of food security was also administered to older children to
determine the prevalence of food insecurity and hunger as
perceived by children (Connell et al., 2004). The first re-
gional representative survey to assess dietary intakes, self-
reported health status, and food insecurity of Delta residents
was the Foods of Our Delta Study: FOODS 2000 (Cham-
pagne et al., 2004, 2007; Goolsby et al., 2006; HapMap Con-
sortium 2004b; McCabe-Sellers et al., 2007; Stuff et al.,
2004a,b). While these measurements focused on individual
dietary habits and effects, the costs and availability of foods
also influence food choices and food purchasing. Two stud-
ies were conducted in 2001 to address these important is-

sues. One was a regional food store survey to determine
availability and quality of 102 food items in 62 supermar-
kets, 77 small/medium grocery stores, and 86 convenience
stores located in 18 counties/parishes randomly selected to
represent the region (Connell et al., 2007). These three food
store types sold different percentages of healthy food. Al-
though supermarkets carried a large percentage of items
surveyed, the number of supermarkets in this region is lim-
ited. Hence, community residents with limited transporta-
tion to reach supermarkets may experience limited food
supply adequacy. While these results may appear unrelated
to omic research, comparison of gene–nutrient interactions
in different populations must account for food availability
in analyzing health status. While the focus of many nu-
trigenomic studies has been on individual nutrients or
classes of nutrients (e.g., polyunsaturated vs. monounsatu-
rated vs. saturated fatty acids; for a review see Corella and
Ordovas, 2005), the adequacy of the overall diet may influ-
ence the omic biomarker measurements or associations with
phenotypes. The second 2001 Delta NIRI study was a series
of focus groups held in 9 of the same 18 counties/parishes
of the food store survey to identify perceptions of factors
influencing healthy food consumption behaviors (McGee et
al., 2008). The findings demonstrated additional sources of
experimental variation for omics research: food choice was
influenced by health concerns, family influence, and the
need for and availability of nutrition information. The ex-
pressed interest of participants in learning about healthy
eating, food preparation skills, and portion control may pro-
vide guidance for developing intervention studies linked
with biomedical research programs.

Dietary assessment of individuals and groups over a longer
time period typically uses a food frequency questionnaire
(FFQ) that must, by necessity, include the specific foods con-
sumed by the population being studied (Gibson, 2005). From
the 24-h dietary recall data of FOODS 2000, a Delta NIRI
Adult Food Frequency Questionnaire was developed, ap-
plied, and validated (Talegawkar et al., 2007, 2008; Carithers
et al., 2005; Tucker et al., 2005). Not surprisingly, regional
food use patterns differ from national patterns and further-
more differ between African–American and European–
American adults in the lower Mississippi Delta. Individuals
in this region ate grits, turnip greens, okra, ham hocks, chit-
terlings, crawfish, catfish, cracklings, jambalaya, potato logs,
chicken and dumplings, and sweet potato pie, which are not
normally eaten in other parts of the United States. The Delta
NIRI Adult FFQ was also designed to add four portion sizes
for each food item, presented as questions, rather than in grid
format. Another unique factor of the FFQ was that quantities
consumed or portions were asked after each food rather than
after larger food groups as in most food frequency question-
naires (Tucker et al., 2005). Importantly, two separate stud-
ies have assisted in the validation of this instrument by com-
paring total �-tocopherol and carotenoid intakes with serum
�-tocopherol carotenoid concentrations in a sample of the
population of interest (Talegawkar et al., 2007)

In 2003, a CBPR program addressing nutrition interven-
tion research was implemented in three rural communities,
one of each in Arkansas, Louisiana, and Mississippi. This
program focused on developing a local collaborative effort
among community residents, universities, and the United
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States Department of Agriculture, Agricultural Research Ser-
vice that would build capacity of community residents to be-
come full and equitable partners in all phases of the nutri-
tional research identified by the community as priorities.
Community members were trained in principles of CBPR
methods through the application of the Comprehensive Par-
ticipatory Planning and Evaluation Model (CPPE), which
produced three major nutrition-related problems the com-
munities wanted to address (Ndirangu et al., 2007). Four ini-
tial pilot studies in Arkansas consisted of a Walking Club,
Walking Trail Focus Group, Obesity Prevention Summer
Day Camp, and a WillTry nutrition intervention approach
to encourage eating fruits and vegetables (http://www.ars.
usda.gov/research/projects/projects.htm?ACCN_NO�407
162&fy � 2007). Community residents participated in train-
ing in basic research principles, institutional review board
(IRB) issues, and the Health Insurance Portability and Ac-
countability Act (HIPAA). Additionally, some participated
in training to be data collectors, interviewers, and to perform
anthropometric measurements according to standardized
protocols. These research assistants from the community fur-
ther served as liaisons between the potential study partici-
pants and the researchers because of the greater willingness
to address questions to and be reassured about the research
by one of their own. From the exposure to and participation
in nutrition research studies, the residents of this pilot re-

search community have a basic understanding of the im-
portance of being involved in research studies. This intro-
duction to research established the foundation for more ex-
tensive participation in biomedical research, particularly
nutrition, genetic, and omic studies. Additional education,
further development of trusting relationships, and gradual
exposure to risks and benefits of genetic research will be
needed to fully proceed in investigating nutrigenomics in
this rural population.

Applications to Personalizing Research for 
Personal Healthcare

The major challenges to developing personalized nutrition
and medicine applications are the genetic diversity of hu-
man populations, complexity of diets and cultures, and the
intricacies of physiology dependent on gene–nutrient inter-
actions that differ among individuals. In this report, we
specifically underscore the need for, and the challenge of,
creating new experimental designs for human studies (Ka-
put, 2008). Importantly, the traditional nutritional or genetic
population-based designs identify risk factors that may not
necessarily apply to the individual. An approach to reach the
goal of personalizing healthcare is to identify groups within
populations with similar metabolic profiles based on similar
genetic profiles. Identifying these groups and characterizing
them with omic technologies (i.e., deep phenotyping) may
yield an understanding of the full range of genetic and phe-
notypic variation in the human population. Community-
based participatory research and primary care research pro-
vides a path to that goal. While any one community or
primary care facility will not encompass the full range of ge-
netic makeups or phenotypes, replicating this approach in
populations throughout the world and using harmonized
study designs will allow for combined and comparative data
analyses. While major challenges must be addressed, partic-
ularly measurements of total dietary intake and not simply
individual nutrients, the global research communities are re-
alizing that such cooperation is necessary to understand the
complex biology of health and disease processes (e.g., see
Kaput et al., 2005).
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FIG. 1. The map and participants of the delta nutrition in-
tervention research initiative. Shaded areas are the counties
involved in the program, and dark shades are the “hubs” of
each local.

http://www.liebertonline.com/action/showImage?doi=10.1089/omi.2008.0041&iName=master.img-000.jpg&w=239&h=307


References

Adjers, K., Karjalainen, J., Pessi, T., Eklund, C., and M. Hurme
(2005). Epistatic effect of TLR4 and IL4 genes on the risk of
asthma in females. Int Arch Allergy Immunol 138, 251–256.

Beasley, J. W., Starfield, B., Van Weel, C., Rosser. W.W., and Haq,
C.L. (2007). Global health and primary care research. J Am
Board Fam Med 20, 518–526.

Bennett, S.T., Barnes, C., Cox, A., Davies, L., and C. Brown
(2005). Toward the 1,000 dollars human genome. Pharma-
cogenomics 6, 373–382.

Blander, G., and Guarente, L. (2004). The Sir2 family of protein
deacetylases. Annu Rev Biochem 73, 417–435.

Bogle, M., Stuff, J.E., Davis, L., Forrester, I., Strickland, E., Casey,
P.H., et al. (2001). Validity of a telephone-administered 24-
hour dietary recall in telephone and non-telephone house-
holds in the rural Lower Mississippi Delta region. . J Am Diet
Assoc. 101, 216–222.

Boyer, B.B., G.V. Mohatt, C. Lardon, R. Plaetke, B.R. Luick, S.H.
Hutchison, et al. (2005). Building a community-based partici-
patory research center to investigate obesity and diabetes in
Alaska Natives. Int J Circumpolar Health 64, 281–290.

Boyer, B., Mohatt, GV., Pasker, R.L., Drew, E.M., and McGlone,
K.K. (2007). Sharing results from complex disease genetic
studies: a community based participatory research approach.
Int J Circumpolar Health 66, 11–22.

Brown, C.M., Rea, T.J., Hamon, S.C., Hixson, J.E., Boerwinkle,
E., Clark, A.G., et al. (2006). The contribution of individual
and pairwise combinations of SNPs in the APOA1 and APOC3
genes to interindividual HDL-C variability. J Mol Med 84,
561–572.

Carithers, T., Dubbert, P.M., Crook, E., Davy, B., Wyatt, S.B.,
Bogle, M.L., et al. (2005). Dietary assessment in African Amer-
icans: methods used in the Jackson Heart Study. Ethn Dis
15(Suppl 6), 49–55.

Casey, P., Goolsby, S.L., Lensing, S.Y., Perloff, B.P., Bogle, M.L.
(1999). The use of telephone interview methodology to obtain
24-hour dietary recalls. J Am Diet Assoc 99, 1406–1411.

Casey, P., Horton, J., Bogle, M.L., Formby, B., Forsythe, W.,
Goolsby, S., et al. (2004). Self reported health of residents of
the Lower Mississippi Delta. J Health Care Poor Underserved
15, 645–662.

Champagne, C., Bogle, M.L., Mcgee, B.B., Yadrick, K., Allen,
H.R., Kramer, T.R., et al. (2004). Dietary intake in the lower
Mississippi delta region: results from the Foods of our Delta
Study. J Am Diet Assoc 104, 199–207.

Champagne, C. M., Casey, P.H., Connell, C.L., Stuff, J.E., Gos-
sett, J.M., Harsha, D.W., et al. (2007). Poverty and food intake
in rural America: diet quality is lower in food insecure adults
in the Mississippi Delta. J Am Diet Assoc 107, 1886–1894.

Chen, D.T., Jones, L., and Gelberg, L. (2006). Ethics of clinical re-
search within a community-academic partnered participatory
framework. Ethn Dis 16(Suppl 1), S118–S135.

Connell, C., Nord, M., Lofton, K.L., Yadrick, K. (2004). Food se-
curity of older children can be assessed using a standardized
survey instrument. J Nutr 134, 2566–257.

Connell, C., Yadrick, M.K., Simpson, P., Gossett, J., Mcgee, B.B.,
Bogle, M.L. (2007). Food supply adequacy in the Lower Mis-
sissippi Delta. J Nutr Educ Behav 39, 77–83.

Corella, D., and Ordovas, J.M. (2005). Single nucleotide poly-
morphisms that influence lipid metabolism: interaction with
dietary factors. Annu Rev Nutr 25, 341–390.

Cornwall, A., and Jewkes, R. (1995). What is participatory re-
search? Soc Sci Med 41, 1667–1676.

Dalma-Weiszhausz, D.D., Warrington, J., Tanimoto, E.Y., and

Miyada, C.G. (2006). The affymetrix GeneChip platform: an
overview. Methods Enzymol 410, 3–28.

Desai, J., Solberg, L., Clark, C., Reger, L., Pearson, T., Bishop, D.,
et al. (2003). Improving diabetes care and outcomes: the sec-
ondary benefits of a public health-managed care research col-
laboration. J Public Health Manag Pract Suppl, S36–S43.

Dolinoy, D.C., Das, R., Weidman, J.R., and Jirtle, R.J. (2007).
Metastable epialleles, imprinting, and the fetal origins of adult
diseases. Pediatr Res 61, 30R–37R.

Eberharter, A. and Becker, B.P. (2002). Histone acetylation: a
switch between repressive and permissive chromatin. Second
in review series on chromatin dynamics. EMBO Rep 3,
224–229.

Frazer, K.A., Ballinger, C.G., Cox, D.R., Hinds, D.A., Stuve, L.L.,
Gibbs, R.A. et al. (2007). A second generation human haplo-
type map of over 3.1 million SNPs. Nature 449, 851–861.

Gardiner, K. (2004). Gene-dosage effects in Down syndrome and
trisomic mouse models. Genome Biol 5, 244.

Garosi, P., De Filippo, C., Van Erk, M., Rocca-Serra, P., Sansone,
S.A., and Elliott, R. (2005). Defining best practice for microar-
ray analyses in nutrigenomic studies. Br J Nutr 93, 425–432.

Gellekink, H., Den Heijer, M., Heil, S.G., and Blom, H.J. (2005).
Genetic determinants of plasma total homocysteine. Semin
Vasc Med 5, 98–109.

Giachello, A. L., Arrom, J.O., Davis, M., Sayad, J.V., Ramirez, D.,
Nandi, C., et al. (2003). Reducing diabetes health disparities
through community-based participatory action research: the
Chicago Southeast Diabetes Community Action Coalition.
Public Health Rep 118, 309–323.

Gibney, M.J., Walsh, M., Brennan, L., Roche, H.M., German, B.,
and van Ommen, B. (2005). Metabolomics in human nutrition:
opportunities and challenges. Am J Clin Nutr 82, 497–503.

Gibson, R. (2005). Development of a population specific FFA be-
gins from collection of 24-hour recalls or food records from a
representative sample of the population of interest. . Princi-
ples of Nutritional Assessment. R. Gibson, ed. (Oxford Uni-
versity Press, Oxford UK) pp. 46–50.

Goolsby, S., Casey, P.H., Stuff, J.E., Zaghloul, S., Weber, J., Gos-
sett, J., et al. (2006). Consumption of calcium among African
American adolescent girls. Ethn Dis 16, 476–482.

Hamon, S.C., Kardia, S.L., Boerwinkle, E., Liu, K., Klos, K.L.,
Clark, A.G., et al. (2006). Evidence for consistent intragenic
and intergenic interactions between SNP effects in the
APOA1/C3/A4/A5 gene cluster. Hum Hered 61, 87–96.

HapMap Consortium. (2003). The International HapMap Proj-
ect. Nature 426, 789–796.

HapMap Consortium. (2004a). Integrating ethics and science in
the International HapMap Project. Nat Rev Genet 5, 467–475.

HapMap Consortium. (2004b). Self-reported health of residents
of the Mississippi Delta. J Health Care Poor Underserved 15,
645–662.

Harrison, G., ed. (1997). Nutrition and Health Status in the Lower
Mississippi Delta of Arkansas, Louisiana, and Mississippi: A Re-
view of Existing Data. (Westat, Rockville, MD).

Helgadottir, A., Manolescu, A., Helgason, A., Thorleifsson, G.,
Thorsteinsdottir, U., Gudbjartsson, D.F., et al. (2006). A vari-
ant of the gene encoding leukotriene A4 hydrolase confers eth-
nicity-specific risk of myocardial infarction. Nat Genet 38,
68–74.

Holmes, E., Loo, R.L., Stamler, J., Bictash, M., Yap, I.K., Chan,
Q., et al. (2008). Human metabolic phenotype diversity and
its association with diet and blood pressure. Nature 453,
396–400.

Horowitz, C.R., Goldfinger, J.Z., Muller, E., Pulichino, R.S.,
Vance, T.L., Arniella, G., et al. (2008). A model for using com-

MCCABE-SELLERS ET AL.270



munity-based participatory research to address the diabetes
epidemic in east harlem. Mt Sinai J Med 75, 13–21.

Hsiao, P.W., Deroo, B.J., and Archer, T.K. (2002). Chromatin re-
modeling and tissue-selective responses of nuclear hormone
receptors. Biochem Cell Biol 80, 343–351.

Hueston, W.J., Mainous, A.G., 3rd, Weiss, B.D., Macaulay, A.C.,
Hickner, J., and Sherwood, R.A. (2006). Protecting participants
in family medicine research: a consensus statement on im-
proving research integrity and participants’ safety in educa-
tional research, community-based participatory research, and
practice network research. Fam Med 38, 116–120.

Israel, B., Schulz, A.J., Parker, E.A., Becker, A.B. (1998). Review
of community based research: assessing partnership ap-
proaches to improve public health. Ann Rev Publich Health
19, 173–202.

Israel, B., Schulz, A.J., Parker, E.A., Becker, A.B., Allen, A.J., III,
and Guzman, J.R. (2003) In: Critical Issues in Developing and
Following Commuity Based Participatory Research Principles.
Community-Based Participatory Research for Health. M.M.N.
Wallerstein, ed. Jossey-Bass, San Francisco, CA) pp. 53–70.

Jorde, L.B., and Wooding, S.P. (2004). Genetic variation, classi-
fication and ‘race’. Nat Genet 36(Suppl 1), S28–S33.

Kaput, J. (2008). Nutrigenomics research for personalized nutri-
tion and medicine. Curr Opin Biotechnol 19, 110–120.

Kaput, J., Ordovas, J.M., Ferguson, L., Van Ommen, B., Ro-
driguez, R.L., Allen, L., et al. (2005). The case for strategic in-
ternational alliances to harness nutritional genomics for pub-
lic and personal health. Br J Nutr 94, 623–632.

Kaput, J., Noble, J., Hatipoglu, B., Kohrs, K., Dawson, K., and
Bartholomew, A. (2007a). Application of nutrigenomic con-
cepts to Type 2 diabetes mellitus. Nutr Metab Cardiovasc Dis
17, 89–103.

Kaput, J., Perlina, A., Hatipoglu, B., Bartholomew, A., and Nikol-
sky, Y. (2007b). Nutrigenomics: concepts and applications to
pharmacogenomics and clinical medicine. Pharmacogenomics
8, 369–390.

Kieffer, E.C., Willis, S.K., Odoms-Young, A.M., Guzman, J.R.,
Allen, A.J., Two Feathers, J., et al. (2004). Reducing disparities
in diabetes among African-American and Latino residents of
Detroit: the essential role of community planning focus
groups. Ethn Dis 14(Suppl 1), S27–S37.

Kikunaga, S., Tin, T., Ishibashi, G., Wang, D.H., and Kira, S.
(2007). The application of a handheld personal digital assis-
tant with camera and mobile phone card (Wellnavi) to the
general population in a dietary survey. J Nutr Sci Vitaminol
(Tokyo) 53, 109–116.

Klerk, M., Verhoef, P., Clarke, R., Blom, H.J., Kok, F.J., and
Schouten, E.G. (2002). MTHFR 677C → T polymorphism and
risk of coronary heart disease: a meta-analysis. JAMA 288,
2023–2031.

Kone, A., Sullivan, M., Senturia, K., Chrisman, N.J., & Krieger,
J.W. (2000). Improving collaboration between researchers and
communities. Public Health Report 115, 243–248.

Kornman, K., Rogus, J., Roh-Schmidt, H., Krempin, D., Davies,
A.J., Grann, K., et al. (2007). Interleukin-1 genotype-selective
inhibition of inflammatory mediators by a botanical: a nutri-
genetics proof of concept. Nutrition 23, 844–852.

Kussmann, M. (2007). How to comprehensively analyse proteins
and how this influences nutritional research. Clin Chem Lab
Med 45, 288–300.

Levy, S., Sutton, G., Ng, P.C., Feuk, L., Halpern, A.L., Walenz,
B.P., et al. (2007). The diploid genome sequence of an indi-
vidual human. PLoS Biol 5, e254.

Li, J.Z., Absher, D.M., Tang, H., Southwick, A.M., Casto, A.M.,
Ramachandran, S., et al. (2008). Worldwide human relation-

ships inferred from genome-wide patterns of variation. Sci-
ence 319, 1100–1104.

Mannila, M.N., Eriksson, P., Ericsson, C.G., Hamsten, A., and
Silveira, A. (2006). Epistatic and pleiotropic effects of poly-
morphisms in the fibrinogen and coagulation factor XIII 
genes on plasma fibrinogen concentration, fibrin gel structure
and risk of myocardial infarction. Thromb Haemost 95,
420–427.

Mathers, J.C. (2007). Early nutrition: impact on epigenetics. Fo-
rum Nutr 60, 42–48.

McCabe-Sellers, B.J., Bowman, S., Stuff, J.E., Champagne, C.M.,
Simpson, P.M., and Bogle, M.L. (2007). Assessment of the diet
quality of US adults in the Lower Mississippi Delta. Am J Clin
Nutr 86, 697–706.

McGee, B., Richardson, V. Johnson, G.S., Thornton, A., Johnson,
C., Yadrick, K., et al. (2008). Perceptions of factors influencing
healthful food consumption behavior in the Lower Mississippi
Delta: focus group findings. J Nutr Educ Behav 40, 102–109.

Mold, J.W. and Peterson, K.A. (2005). Primary care practice-
based research networks: working at the interface between re-
search and quality improvement. Ann Fam Med 3(Suppl 1),
S12–S20.

Musani, S.K., Shriner, D., Liu, N., Feng, R., Coffey, C.S., Yi, N.,
et al. (2007). Detection of gene � gene interactions in genome-
wide association studies of human population data. Hum
Hered 63, 67–84.

Ndirangu, M., Perkins, H., Yadrick, K., West, J.R., Bogle, M.L.,
Avis-Williams, A., et al.(2007). Conducting needs assessment
using the comprehensive participatory planning and eval-
uation model to develop nutrition and physical activity in-
terventions in a rural community in the Mississippi Delta.
Prog Community Health Partnerships Res, Educ, Action 1,
41–48.

Ndirangu, M., Yadrick, K., Bogle, M.L., and Graham-Krege, S.
(2008). Community–Academic Partnerships to Promote Nu-
trition in the Lower Mississippi Delta: Community Members?
Perceptions of Effectivenss, Barriers, and Factors Related to
Success. Health Promot Pract. 9, 237–245.

O’Fallon, L., Tyson, F.L., Dearry, A (2000). Successful models of
community based participatory research. Environ Health Per-
spect 110(Suppl 2), 155–159.

Picard, F., M. Kurtev, N. Chung, A. Topark-Ngarm, T. Sena-
wong, R. Machado De Oliveira, et al. (2004). Sirt1 promotes
fat mobilization in white adipocytes by repressing PPAR-
gamma. Nature 429, 771–776.

Plumb, M., Collins, N., Cordeiro, J.N., Kavanaugh-Lynch, M.
(2008). Assessing process and outcomes,: evaluating commu-
nity based participatory research. Prog Community Health
Partnerships Res Educ Action 2, in press.

Porto, G.A., Rodrigues, H., Cabeda, P., Portal, J.M., Ruivo, C.,
Justica, A., (1998). Major histocompatibility complex class I as-
sociations in iron overload—evidence for a new link between
the Hfe H63d mutation, Hla-A29, and non-classical forms of
hemochromatosis. Immunogenetics 47, 404–410.

Rockhill, B., Newman, B., and Weinberg, C. (1998). Use and mis-
use of population attributable fractions. Am J Public Health
88, 15–19.

Rossell, S., Van der Weijden, C.C., Lindenbergh, A., Van Tuijl,
A., Francke, C., Bakker, B.M., et al. (2006). Unraveling the com-
plexity of flux regulation: a new method demonstrated for nu-
trient starvation in Saccharomyces cerevisiae. Proc Natl Acad Sci
USA 103, 2166–2171.

Rutishauser, I.H. (2005). Dietary intake measurements. Public
Health Nutr 8, 1100–1107.

Sankararaman, S., Sridhar, S., Kimmel, G., and Halperin, E.

PERSONALIZING NUTRIGENOMICS RESEARCH 271



(2008). Estimating local ancestry in admixed populations. Am
J Hum Genet 82, 290–303.

Schulz, A.J., Zenk, S., Odoms-Young, A., Hollis-Neely, T.,
Nwankwo, R., Lockett, M., et al. (2005). Healthy eating and
exercising to reduce diabetes: exploring the potential of social
determinants of health frameworks within the context of com-
munity-based participatory diabetes prevention. Am J Public
Health 95, 645–651.

Shendure, J.A., Porreca, G.J., and Church, G.M. (2008). Overview
of DNA sequencing strategies. Curr Protoc Mol Biol Chapter
7, Unit 7 1.

Smith, J., Lensing, S., Horton, J.A., Lovejoy, J., Zaghloul, S., For-
rester, I., et al. (1999). Prevalence of self-reported nutrition-re-
lated health problems in the Lower Mississippi Delta. Am J
Public Health 89, 1418–1421.

Smith, J.A., Arnett, D.K., Kelly, R.J., Ordovas, J.M., Sun, Y.V.,
Hopkins, P.M., et al. (2008). The genetic architecture of fast-
ing plasma triglyceride response to fenofibrate treatment. Eur
J Hum Genet 16, 603–613.

Steemers, F.J. and Gunderson, K.L. (2005). Illumina, Inc. Phar-
macogenomics 6, 777–782.

Stuff, J., Horton, J.A., Bogle, M.L., Connell, C., Ryan, D., Za-
ghloul, S., (2004a). High prevalence of food insecurity and
hunger in households in the rural Lower Mississippi Delta. J
Rural Health 20, 173–180.

Stuff, J.E., Casey, P.H., Szeto, K.L., Gossett, J.M., Robbins, J.M.,
Simpson, P.M., et al. (2004b). Household food insecurity is as-
sociated with adult health status. J Nutr 134, 2330–2335.

Szyf, M. (2007). The dynamic epigenome and its implications in
toxicology. Toxicol Sci 100, 7–23.

Talegawkar, S.A., Johnson, E.J., Carithers, T., Taylor, H.A., Jr.,
Bogle, M.L., and Tucker, K.L. (2007). Total alpha-tocopherol
intakes are associated with serum alpha-tocopherol concen-
trations in African American adults. J Nutr 137, 2297–303.

Talegawkar, S.A., Johnson, E.J., Carithers, T.C., Taylor Jr., H.A.,
Bogle, M.L., Tucker, K.L. (2008). Carotenoid intakes assessed
by food-frequency questionnaires (FFQs) are associated with
serum cartenoid concentrations in the Jackson Heart Study:
validation of the Jackson Heart Study Delta NIRI FFQs. Pub-
lic Health Nutrition 11, 989–997.

Tishkoff, S.A. and Kidd, K.K. (2004). Implications of biogeogra-
phy of human populations for ‘race’ and medicine. Nat Genet
36 (Suppl 1), S21–S27.

Tishkoff, S.A., and Verrelli, B.C. (2003). Patterns of human ge-
netic diversity: implications for human evolutionary history
and disease. Annu Rev Genomics Hum Genet 4, 293–340.

Tracy, R.P. (2008). “Deep phenotyping”: characterizing popula-
tions in the era of genomics and systems biology. Curr Opin
Lipidol 19, 151–157.

Tucker, K.L. (2007). Assessment of usual dietary intake in pop-
ulation studies Of Gene-Diet Interaction. Nutr Metab Cardio-
vasc Dis 17, 74–81.

Tucker, K.L., Maras, J., Champagne, C., Connell, C., Goolsby,
S., Weber, J., et al. (2005). A regional food-frequency ques-
tionnaire for the US Mississippi Delta. Public Health Nutr 8,
87–96.

Tuo, J., Ning, B., Bojanowski, C.M., Lin, Z.N., Ross, R.J., Reed,
G.F., et al. (2006). Synergic effect of polymorphisms in ERCC6
5� flanking region and complement factor H on age-related
macular degeneration predisposition. Proc Natl Acad Sci USA
103, 9256–9261.

Vineis, P. and Kriebel, D. (2006). Causal models in epidemiol-
ogy: past inheritance and genetic future. Environ Health 5, 21.

Waterland, R.A., and Jirtle, R.L. (2003). Transposable elements:
targets for early nutritional effects on epigenetic gene regula-
tion. Mol Cell Biol 23, 5293–300.

Wells, K.B., Staunton, A., Norris, K.C., Bluthenthal, R., Chung,
B., Gelberg, L., et al. (2006). Building an academic-community
partnered network for clinical services research: the Commu-
nity Health Improvement Collaborative (CHIC). Ethn Dis
16(Suppl 1): S3–S17.

Wheeler, D.A., Srinivasan, M., Egholm, M., Shen, Y., Chen, L.,
McGuire, A., et al. (2008). The complete genome of an indi-
vidual by massively parallel DNA sequencing. Nature 452,
872–876.

Wolford, J.K., and Vozarova De Courten, B. (2004). Genetic ba-
sis of type 2 diabetes mellitus: implications for therapy. Treat
Endocrinol 3, 257–267.

Yadrick, K., Horton, J., Stuff, J., Mcgee, B., Bogle, M., Davis, L.,
et al. (2001). Perceptions of community nutrition and health
needs in the Lower Mississippi Delta: a key informant ap-
proach. J Nutr Educ 33, 266–277.

Address reprint requests to:
Dr. Jim Kaput

Division of Personalized Nutrition and Medicine
FDA/NCTR

3900 NCTR Road
Jefferson, AR 72079

E-mail: James.Kaput@fda.hhs.gov

MCCABE-SELLERS ET AL.272



This article has been cited by:

1. Jim Kaput, Richard G.H. Cotton, Lauren Hardman, Michael Watson, Aida I. Al Aqeel, Jumana Y. Al-Aama, Fahd Al-Mulla,
Santos Alonso, Stefan Aretz, Arleen D. Auerbach, Bharati Bapat, Inge T. Bernstein, Jong Bhak, Stacey L. Bleoo, Helmut Blöcker,
Steven E. Brenner, John Burn, Mariona Bustamante, Rita Calzone, Anne Cambon-Thomsen, Michele Cargill, Paola Carrera,
Lawrence Cavedon, Yoon Shin Cho, Yeun-Jun Chung, Mireille Claustres, Garry Cutting, Raymond Dalgleish, Johan T. den
Dunnen, Carlos Díaz, Steven Dobrowolski, M. Rosário N. dos Santos, Rosemary Ekong, Simon B. Flanagan, Paul Flicek, Yoichi
Furukawa, Maurizio Genuardi, Ho Ghang, Maria V. Golubenko, Marc S. Greenblatt, Ada Hamosh, John M. Hancock, Ross
Hardison, Terence M. Harrison, Robert Hoffmann, Rania Horaitis, Heather J. Howard, Carol Isaacson Barash, Neskuts Izagirre,
Jongsun Jung, Toshio Kojima, Sandrine Laradi, Yeon-Su Lee, Jong-Young Lee, Vera L. Gil-da-Silva-Lopes, Finlay A. Macrae,
Donna Maglott, Makia J. Marafie, Steven G.E. Marsh, Yoichi Matsubara, Ludwine M. Messiaen, Gabriela Möslein, Mihai G.
Netea, Melissa L. Norton, Peter J. Oefner, William S. Oetting, James C. O'Leary, Ana Maria Oller de Ramirez, Mark H. Paalman,
Jillian Parboosingh, George P. Patrinos, Giuditta Perozzi, Ian R. Phillips, Sue Povey, Suyash Prasad, Ming Qi, David J. Quin,
Rajkumar S. Ramesar, C. Sue Richards, Judith Savige, Dagmar G. Scheible, Rodney J. Scott, Daniela Seminara, Elizabeth A.
Shephard, Rolf H. Sijmons, Timothy D. Smith, María-Jesús Sobrido, Toshihiro Tanaka, Sean V. Tavtigian, Graham R. Taylor,
Jon Teague, Thoralf Töpel, Mollie Ullman-Cullere, Joji Utsunomiya, Henk J. van Kranen, Mauno Vihinen, Elizabeth Webb,
Thomas K. Weber, Meredith Yeager, Young I. Yeom, Seon-Hee Yim, Hyang-Sook Yoo. 2009. Planning the Human Variome
Project: The Spain report. Human Mutation 30:4, 496-510. [CrossRef]

2. Béatrice Godard , Vural Ozdemir . 2008. Nutrigenomics and Personalized Diet: From Molecule to Intervention and
Nutri-ethicsNutrigenomics and Personalized Diet: From Molecule to Intervention and Nutri-ethics. OMICS: A Journal of
Integrative Biology 12:4, 227-228. [Citation] [PDF] [PDF Plus]

http://dx.doi.org/10.1002/humu.20972
http://dx.doi.org/10.1089/omi.2008.0069
http://www.liebertonline.com/doi/pdf/10.1089/omi.2008.0069
http://www.liebertonline.com/doi/pdfplus/10.1089/omi.2008.0069

